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ADVERTISEMENT. 
A Short Analyſis of my Lectures 


having Fr — for by ſeveral 
Perſons who + av them, I have drawn 
up the following one, for the uſe of 
thoſe who may want fuch a belp to 
their memory, — But my intention be- 
ing ta make it as conciſe as poſſible, I 
bes leave to refer thoſe who  chaofe to 
bave the Lectures at large, © together 
with accurate Plates of the Apparatus 
on which they are read, to my two 
Books *, printed for, and fold by Mr. 
N Bookſeller in the Strand, 
London, 

þ F. 


* 1. LECTURES on Select Subjects in 
Mechanics, Hydroftatics, Pneumatics, and Optics; 
with the ye of the Globes, the Art of Dialing, ns 
the Calculation of the mean Times of New and Fur 
Moon, and Eclipſes. 

2. ASTRONOMY explained upon Sie Take: 
NewrTon's Principles, and made eafy to thaſe who 
have not ſtudied Adetbematics. 

N. B. In this book, the method of the tr 


Ties o New and Pull on and int a. 
Plained. - 
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ANY Gentleman, in or near London, may have this 


Courſe of Lettures read at his Houſe, for Twelve 
Guineas, or any ſingle Lecture for One Guinea, over 
and above the charge of ear xing the Apparatus. . 


Or, if twenty per ſons ſubſcribe a Guinea each, they 


may have the whale Courſe read, any where in London, 


or within Ten Miles of it. —Greater diſtances require 


larger ſubſcriptions. 


We Author teaches the Uſe.of the Globes in a Month, 


attending one Hour every Day (Sunday excepted) for 
Two Guineas at home; or Four Guine 
more than a Mile from bis bouſe. Thoſe who are taught 


as abroad, if not 


abroad, provide Globes for themſelves —He alſo teaches 


practical Geometry by the Scale and 


Compaſſes, the Con- 


firufion of "Maps, the Projeftion of the Sphere, the. 


Printiples of Dialing, and the Calculation of New and 
Full Moons and Eclipſes on the ſame Terms. 


H ASTRONOMICAL RorU A, ſnewing the 


Day of the Month, Change and Age of the Moon, the 


Places of the Sun and Moon in the Ecliptic, with the 


Times of all the Eclipſes of the Sun and Moon, from 
A. D. 1752 10 A. D. 1800, is ſold at bis Houſe for 
Five Shillings and Six-pence, 3 ä 


Lie, his NEW. ASTRONOMICAL IN 


S$TRUMENT , ſhewing all the above problems except" © 


the Eclipſes, and infigad of them the Riſing, Soutbing, 


and Setting of the Sun, Moon, and Stars, in the Lati-- 


tude of London, is fold" at the Jame Price. 


And, bis LUMINARIUM, A fal! Inftrument (about 


the fize of a tommon card) ſolving all the above pro- 


Ams, except thoſe, relating 10 the Stars and Eclipfes, 
; he ſells for Two Shillings, + © Avon 
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ANALYSIS 


ANALYSIS. 


OF A 


Course of LECTURES. 


'L'ECT URE:L 
On MECHANICS. 


another, if the engine be put into motion, 


and the perpendicular aſcent of one body be to the 


perpendicular deſcent of the other in the inverſe ratio 
of their weights, they will balance or ſupport each 
other. 

Upon this principle, the force, power, or advan- 


tage of any machine, whether ſimple or compound. 


is eaſily computed: for it is always as much as the 


velocity of the power applied to work the machine 


is greater than the velocity of the weight to be raiſed, 


or the reſiſtance to be overcome: proper allowance 


being made for friction. 


T he machines whereby power is gained, are called 
mechanical powers. They are ſix in number, wiz, the: 
lever, the wheel and axle, the pulley, or rather ſyſtem 
of - pullies, the inclined plane, the ' wedge, and the 
ſcrew. Of theſe, all ſorts of mechanical engines 
do conſiſt : and in treating of them, fo as to ſettle 
their Theory, we conſider them as mathematically 


exact and perfect, and moving without friction. 


A lever is a bar, turning upon a prop or center of 
motion; and is uſed either to raiſe weights; or io over- 
come reſiſtances. There are three kinds of levers; 
and in each of them, the velocity of each point is 


A lever 


directly as its diſtance from the prop. 


H EN two bodies are ſuſpended upon any 
machine or engine, ſo as to act againſt one 
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A lever is ſaid to be of the firſt kind, when the 
prop is between the weight and the power. —Here, 
the power and weight balance each other, when the 
Power is of ay rtion to the weight, as the diſtance 
t 


of the wei m the prop is to the diſtance of the 
power from it. Of this fort are our iron crgws, 
| teiffars, pincers, ſnuffers, and the like. 

A lever is ſaid ta be of the ſecond kind, when the 
weight is between the prop and the power. — Here, 
the power and weight balance each other, when the 
power is in proportion to the weight, as the diſtance 
of the weight (or reſiſtance) from the prop is to the 
diſtance-of the power from it. Of this ſort are doors 
turning on hinges, rudders of ſhips, oars, and ſuch 
cutting knives as are fixed at the point. | 

A lever is faid to be of the third kind, when the 
power is between the weight and the prop. In this, 
the power and weight balance each other, when the 
Power is in proportion to the weight, as the diftance 
of the weight from the prop is to the diſtance of the 
power from it. Of this fort are the bones of our legs 
and arms, and the wheels of clocks and watches. 

The bended lever differs in nothing but its form 
from a lever of the firſt kind: its power is the fame, 
and is applicable to that of a hammer drawing a nail. 

In the wheel and axle, the velocity of the power 
is to the velocity of the weight, as the circumference 
of the wheel is to the circumference of the axle; and 
the advantage gained by this machine is directty in 
the -fame proportion or the power and weight 
balance each other, when the power is in proportion 
to the weight, as the circumference of the axle is to 
the circumference of the wheel. T his machine is the 
principal part in a common crane. | | 

A pulley, that only turns on its axis, and does not 
riſe with the weight, ſerves only to change the dĩrec- 
tion of the power; for it gives no mechanical advan- 
rage thereto.  _ | | 


. 
* - 
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When, beſides the upper pullies which turn 
round in a fixed block, there is a block of pul- 
lies moving equally with the weight; the velo- 
city of the weight is to the velocity of the power. 
As l to twice the number of pullies in the move · 
able block: and the power and weight balance 
each other, when the power is in proportion to the 
weight, as 1 is to twice the number of pullies in the 
moveable block. | * * 

A weight raiſed, or a reſiſtance moved, by an 
inclined plane, moves only through a ſpace. equal to 
che height or thickneſs of that plane, in the time 
that the power drives the plane through a ſpace equal 
to its whole length. Hence, the velocity of the 
power is in proportion to the velocity of tho weight, 
as the length of the plane is to its thickneſs 
or height; and the power and weight balance each 
other, when the power is; proportioned to the weight, 
AS the thickneſs of the plane is to its length. — All 
edge - tools which are chamfered only on one fide are 

inclined planes, as far as the chamfer goes from 
the edge. 15 | 
A weage, in the common ferm, is like two in- 
clined planes joined together at their baſes; and the 
thickneſs or height of theſe planes make the back of 
the wedge, to which the power is applied in cleaving 
r 

When two equal reſiſtances act perpendicularly 
againſt oppoſite ſides of the wedge, and a power 
acts perpendicularly againſt che back of the wedge, 
the velocity of the power is in propattion-to the 
velocity of the reſiſtance, on each ſide, as : the length 
of the Wedge is to half the thickneſs of its back: and 
the power balances the reſiſtance of the wood, when 
the power is in proportion to the reſiſtance, as half 
the thickneſs of the back of the wedge is to its whole 
length, if the ſharp edge goes to the bottom of «be 
clett in the wood; But when the wood ſplits before 
KF y 3. the 
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the wedge, as it generally does, the velocity of the 
reſiſtance on each ſide is to the velocity of the power 
acting on the wedge, as half the thickneſs of the 
wedge is to the whole length of the cleft. And in 
this caſe, the power and reſiſtance balance each other, 
when che power is to the reſiſtance, as half the thick 
neſs of the wedge (when it is driven quite into the 
wood) is to the whole length of the cleft below the 
back of the wedge. 
The ſcrew may be conſidered as He an in- 
clined plane wrapt round a cylinder; hence, the 
power muſt turn the cylinder quite round, in the 
time that the weight or reſiſtance moves through 
a ſpace equal to the diſtance between the ſpirals or 
threads of the ſcrew. Therefore, the velocity 
of the power 1s in proportion to the velocity of the 
weight or reſiſtance, as the circumference of a circle 
deſcribed by the power, in one turn of the ſcrew, 
is to the diſtance een the ſpirals of the ſcrew: 
and the er and reſiſtance balance each other, 
when the former is to the latter, as the diſtance between 
the ſpirals is to the circumference of the circle de- 
ſcribed by the power. This machine, beſides the 
advantage proper to itſelf, has generally the benefit 
of the wheel and axle, on account «ue handle or 
lever by which it is turned. a 

As the ſcrew includes the inclined ol ane, Und two 
equally inclined planes make the wedge, we have 
all the mechanical powers combined together in a 
common. jack, if it be turned by the fly: for then, 
we have alſo the lever, the wheel 2 and the 
N this machine be made uſe — for raifin 
a weight, by a power applied to the fly, . 
balance the weight, if i 12 in proportion to 
as the velocity of the weight is to the velocity oft the . 
Now, conſidering how the fly moves with reſpect 
to the motion of the weight, it is evident that a crane, 
2 in the manner of a common jack, N 


| LF . 
be an engine of very great power. But then the 
time loſt would alſo be very great. For in all 
engines, the time loſt in working them is as the 
power gained by them. If machines could be made 
without friction, the leaſt degree of power added to 
that which balances the weight would be ſufficient to 
raiſe it. In the lever, the friction is next to nothing: 
in the wheel and axle it is but ſmall: in the pullies 
it is very conſiderable; and in the inclined plane, 
wedge, and ſcrew, it is very great. 1 Bt e 
Puyrometers are machines for meaſuring the . 
on of metals by heat. They are made of various forms, 
which cannot be deſcribed here. By two levers of 
the third kind, moving an index by means of a thread 
round a pulley on the axis of the index, a pyro- 
meter may be made in a very ſmall compaſs, which 
will ſhew the expanſion of metals to the 70, ooodth 
part of an inch. „ee ene 


LECTURE I. 
o MECHANICS. 


T HE center of gravity of a body is a point, round 
1 which all the parts of the body balance each 
other : and the body is moved by its own weight in 
the ſame manner that it would be, if its whole weigh: 
acted in that point. Therefore, the weight of a body 
will _ it to fall, unleſs its center of gravity be ſup- 
ported. | 8 | g 
If a perpendicular, let fall from the center of gra- 
vity, falls within the baſe, or ground on which the 
body is placed, the body will ſtand: otherwiſe not. 
A cylinder is ſupported on an inclined plane, by a 
power which is in proportion to the weight of the 
cylinder, as the height or thickneſs of the plane is 
to the length of the plane. If the power be leſs, the 
cylinder will run down the plane; if greater, it will 
be drawn up.—Hence, when the weight of a loaded 
= | B cart 
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f w 1 
4 or  Waggon, and the * of a hill's height, are 
z the power required to ſupport the load may 
1 And if that power be 2 ſo as to 
overcome the friction of the wheels on their axles, 
and the reſiſtance ariſing from the inactivity of mat- 
ter, the load will be drawn 


Thus ſuppoſing the ſide af the hill v0 be a ſmooth 
plane, and the angle 2 
o minutes, the perpendi 
r e th part of the 
of its ſide: and the power __ ſupports the 
ts Se EPI 


'of the load. 
| of height be 14 


angle of height be 22 degrees 2 minutes, 
height of the hill is equal to tliree e e 


h of its ſide: — — 
of the load will ſupport it. 


If the angle be 30 degrees 00 minutes, the 
t of the hill is equal to half the length of its 


de: and a power equal to half the weight of the 


will ſupport it on the hill. | 
If the angle be 38 degrees 41 minutes, the 
height of the hill is equal to five eighth parts of the 
. Jength of the fide: and a power equal to the five 
ighths of the weight of the load will ſupport 2 
le be 48 degrees 35 minutes, t 
t of the hill is equal to three quarters of the 
of its ſide : and a power {aka rom 
1 of the load will ſupport it. ö 
angle of height be 61 degrees 3 minutes, the 
beg et dt bal n = 4 ee 
gth of its ſide: 5 power equ ven eighth 
parts of the weight of the load wall one it, 


” y | | "mn 


t to be 7 degrees 
eight of che Hil 


hth parts of the 
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All theſe caſes are experimentally proved by the 
inclined plane ; which ſhews, that the power or advan- 
tage of that plane is as its length to the height. 
It is proved, by working models of two waggons,. 
one of which has broad wheels and the other narrow, 
that broad wheels are juſt as eaſily drawn on hard 


und as narrow ones; and eaſier on ſandy ground, 
cauſe they ſink not ſo deep into the earth.—It is alſo 
olain by experiment, that let the wheels be either 
road or narrow, the waggon is much eaſier drawn 
on rough ground, when the heavieſt part of the load 
is put over the axle of the hind wheels, than when it 
is put over the axle of the fore ones. | 
In water-mills, the velocity of the float-boards of 
the wheel ought to be equal to a third part of the 
velocity of the water where it turns the wheel: and 
the train ſhould be ſuch, that the grinding-ſtone may 
make about 60 revolutions in a minute. 

The number of rounds, or upright ſtaves in the 
trundle, ſhould be no aliquot of the number of 
cogs in the wheel that turns the trundle : for then, 
each cog will fall upon a different round from what 
it did laſt before; and by that means they will all 
wear more equally, than if it took the ſame round 
in each revolution. 

The engine by which the piles were driven at Weſt- 
minſter-Bridge was ſo contrived, that whilſt the 
Horſes that turned it went conſtantly round, a weig} 
was drawn up by it to a great height, then let fall 
freely on the top of the pile, and was immediately 
ORs by a pair of tongs which took hold of the 
weight and drew it up again. A large fly regulated 
the motion, and acted againſt the horſes, to keep 
them from falling forward when the weight dropt. 
The tongs were nearly counterpoiſed by another 
weight, whoſe line or rope wound round a ſpiral fuſee, 
fo as to cauſe the tongs to fall with a moderate and 


uniform velocity. 
wr” B 2 LEC- 


(fan: 1: 
LECTURE NI. 
o HYDROSTATICS. 


LUIDS prefs equally in all manner of direc- 
tions, as is ſhewn by their motions in four glaſs 
tubes, open at each end; one tube being quite 
flraight, - another bent directly upward at the lower 
end, a third bent ſidewiſe to a right angle, and the 
fourth bent obliquely. All theſe being put in water 
near to their tops, the water riſes in each of them to 
a level with the ſurface of Mat in which they are 
immerſed. age 
If a piece of lead, whoſe upper ſide is flat, be put 
into an empty veſſel ; and a piece of wood, whoſe 
under fide 1s flat, be put upon the lead, ſo as no water 
may get between; and the wood be held down till the 
veſſel be filled with water, the wood will remain upon 
the lead at bottom: for it is then kept down both 
by its own weight, and the weight of the water above 
it; the upward preſſure of the water being prevented, 
as none gets in between the lead and the wood. 
If a vide tube, open at both ends, has a piece of 
lead held cloſe to its lower end, by a ſtring within 
the tube, ſo as no water can get between the lead 
. and the tube; and then, if the whole be immerſed 
in water, till the depth of the lead below the ſurface 
of the water in the veſſel be almoſt twelve times the 
thickneſs of the lead,” the ſtring may then be let go 
for the lead will not fall away from the tube, becauſe 
the upward preſſure of the water is greater than the 
weight of the lead; and no water gets above it to 
prels it down. But if the tube and lead be raiſed, till 
the depreſſion of the lead below the ſurface of the 
water in the veſſel be any thing leſs than 114 times 
the thickneſs of the lead, it will then fall off: which 
ſhews, that lead is 114 times as heavy as its bulk of 
mater... | Ca 


3X 3 28 

If quickſilver be poured into a vide tube, which 
is cloſe at bottom, to the height of an inch or two; 
and one end of a ſmall tube, which is open at both 
ends, be immerſed in the quick ſilver; if then the 
large tube be filled to any height with water round 
the ſmall one, the weight of the water on the quick- 
ſilver will preſs it upward in the ſmall tube, till its 
height in tube be a fourtrenth part of the height 
of the water around the tube. This ſhews that quick - 
ſilver is fourteen times as heavy as water. Ns: 
If a tube open at both ends has a bladder tied over 
one end, ſo as the bl may be flaccid, and then 
ſome water be poured to the tube, it will preſs the 
bladder downward, and make it concave below the 
tube. But if that end be immerſed in a veſſel of 
water, till the ſurface of the water within the tube be 
even with the ſurface of the water in the veſſel with- 
out it, the bladder will then be flattiſh, as if it were 
not preſſed at all, becauſe it is equally preſſed on both 
ſides. —If it be plunged deeper, it will be preſt 
upward, ſo as to convex within the tube: if it be 
raiſed higher, it will be more preſt downward than 
upward, and be concave below the tube. And this 
will hold equally, whatever the ſize of the veſſel be, 
in which the tube is immerſed : 'which ſhews, that 
the preſſure of fluids is in proportion to their perpen- 

dicular height, without any regard to their quantity. 
If a ſmall tube be joined to a very large one, and 
the whole be bent in the middle, ſo as the two parts 
may be either parallel, or make any angle; water 
may be poured into either tube, and it will riſe juſt 
as high in the other, and ſettle with ſurfaces parallel 
to the horizon, when you leave off pouring; even 
though one tube ſhould contain a th or ten 
— times as much as the other does. This alſo 
ſhews, that fluids preſs in proportion to their perpen · 
dicular heights, without any d to their quantities; 
and that water in pipes will asend to the level of the 
ſpring, from whence it came. | If 
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If an empty phial, that is made heavy enough to 
fink — corked and faſpended at vgs of 
a balanee, and then immerſed in water, and counter- 
ed by weights in a ſcale hung to the other end 
the beam; lling out the cork, and fo 
nity et in to fill the phial, it will immediate- 
ly d, and will then require as much weight put 
into the ſcale to counterbalance it again, as will weigh 
all the water in it, up to the neck, when taken out 
and weighed againſt this additional weight: which 
ſhews, that fluids'weigh juſt as much in their own 
element as out of it. LW 

If a final! tube about two feet long, and open at 
both ends, has one end bent to a right angle, and the 
open neck of a large bladder be tied round that end; 
it then the bladder be put into a box, and have a 
board laid upon it with twenty-five or thirty pound 
weight of lead upon the board; and then the tube 
be held apright, and water be poured into it, the 
water will run into the bladder, and raiſe all the 
weight: and by the time that the water ſtands about 
eighteen or twenty inches high in the tube, it will 
ſupport the weight; though the bore of the tube 
ſhould 'be fo ſmall, as not to hold an ounce of 
water. | ps: | | 
If a glaſs, with a piece of light wood in it, be 
filled up to the brim with water, and then weighed in 
a balance, with the wood floating in the water; if then 
the wood be taken out, and the glaſs filled up again 
to the brim with water, it will be juſt as heavy as 
when the wood was in it: which proves, that a 
quantity of water equal in bulk to the immerſed 
part of the wood is equal in weight to the whole of 
the wood; and conſequently, quanti 


the 


quantities 

veſſels of equal heights bb 
ferent capacities, their bottoms AT heh 
equal forces; for, at whatever heig the 
in one veſſel when it bottom, it 
(he Tap, pannes bt: ® the Fore Fog in 


„„ ban : 
On SPECIFIC GRAVITIES, ant HY- 


- © DRAULIC ENGINES. 


A Body. heavier than its bulk of a fluid will fink 
therein; if lighter, it will ſwim: if of equal 
weight, it will reſt any where between the top pang 
bottom of the fluid. 

If a folid body, heavier than its bulk of a fluid, 
be immerſed and ſuſpended therein, it will loſe as 
much of its weight as its bulk of the. fluid weighs: 
but the weight loſt by the ſolid is gained by the fluid, 
as is proved by experiment. Hence, all equal 
bodies, immerſed and ſuſpended in a fluid, loſe equal 
weights therein: and unequal bodies loſe weights 
proportional to their bulks. 

If che weight of a body in air be divided by what 
it loſes in a fluid, the quotient will ſhew how much 
heavier it'is than its bulk of that fluid; or its be- 
cific gravity. 

B yx this trial, pure gold is found to be 19. bag 

times as heavy as its bulk of water: Guinea gold 


8 
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17. 793 times as * quickſilver 14.000 times: 


lead 11.325 times: ſtandard ſilver 10.535: copper 
2 late braſs 8.000: ſteel 7.852: iron 7.645; 
tin'7.321 :——A cubic foot of common 
— tide 1000 avoirdupoiſe ounces ; and if the 
— be taken away from the above num- 
they reckoned to be whole, they will ſhew 
2 many ounces avoirdupoiſe are contained in a 
cubic foo - each gad above as» Wiring a 
cubic pure weighs 19637 ounces; a 
cubic foot of Guinea gold 17793 3 a cubic foot of 
quickſilver 14000 3 ſo on 
A cubic inch of braſs 16ſes 2 37 grains of its 
aerial weight in water — pirits it loſes 235 
grains. Hence, a cubic i water weighs 2337 
grains, and a cubic inch of proof ſpirits 235. 
The ſpecific gravities of pure ſpirits, proof ſpirits, 
and water, are as 840, 923, and 1000. 

In @ common pump, as the piſton is raiſed, above 
what is called the ſucking valve, the water riſes 
by the preſſure of the atmoſphere to the height of 
33 feet, and no higher. Therefore, the bucket 
| muſt go down to within 3 feet of the ſurface of the 
water in the well; otherwiſe, the water will never 
get above the bucket, and the pump will not work. 

This ſhews, that a column of water 33 feet high, 
fs t a6) heavy as'a column of air of the ſame 
thickneſs with that of the water, and reaching from 
the earth's ſurface to the top of the atmoſphere. 
Zut at any diſtance than 33 feet from the 

ſurface of the well, the water will riſe above the 
bucket; and may then be lifted to mary what- 
ever, by appl a ſufficient: wer to 

the . * 9 
In & forcing pump, the water riſes above the ſucking 
valve, by the preſſure of the atmoſphere, as in the 
common pump. But inſtead of a bucket, there is 
«bd plunger that fits the pump-bore, ſo as neither 
| water 


. 1 
water nor air can between. eh | 
| 22 it lifts up all the air above it, and the atmo- 

here forceth the water up into the pum p. barrel, 
Heng the ſucking valve, which being): d by 
the upward preſſure of the water, falls down 515 
own when the plunger is raiſed as far as it 
ter being 1 2 55 e 
ter at ow gives the valve 
to fall; 2 back the fame way the water 
. bei ame way again 
1 pie the deſcent forceth — 
pe, which opens into — 
— the ſu 2 and ma 
forced tow * in pe, or in a jet 
. > er applied to the 
handle, Ae. Aro fll u reden is pipe, by moans of 
which, as the air is condenſed within it, the water flows 
out in a regular continued ſtream.— The common en- 
gine for extinguiſhing fire conſiſts of two forcing 
8 ＋ 4 their 2 a * 

n this princi are m raiſing 
water above the Roel 7 rivers or ſprings, to gen- 
tlemen's ſeats ; and are ſometimes worked by water, 
ſometimes by horſes. If ſuch an engine has a 
triple crank for working three pumps, all of them 

n water into one common conduit pipe, 
there will be no occaſion for an air · veſſel; becauſe 
there will always be one or other of the plungers 
going — which will force the water 8 in 
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T\H E firuture of the of the 
FP HE our of Principal part of the 


mon water · pump, that'whoever underſtands the ons, 
will be at do len to underſtand the eder = 
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chief uſe of this engine is E exhauſt the air out vf 
glaſs veſſels, generally called receivers. 

If a ſmall receiver, open at both ends, be placed 
over the hole in the pump plate, and a perſon claps 
the palm of his hand on the ro * the receiver, 
whilſt another perſon exhauſts air out of the 
receiver, his had will be held Joker ſo faſt by the 


preſſure of the atmoſphere, that he cannot pull it off 
until the air be let into the receiver agaiꝑ. 


If a guinea and the down of a feather be hung 
within the top of a tall receiver, and let fall after 
the air is exhauſted out of it, they will both fall at 
the ſame inſtant on the pump plate whereon the 
teceiver ſtands. 

If a wet bladder be tied over the top of an open 
receiver, then ſet to dry, fo as to be tight like a 
drum; and the receiver be then put upon the 

plate, and the air exhauſted out of it, the 
Pladder will be broke by the weight of the atmo- 


If the neck of a hollow glaſs bubble be immerſed 
in a phial of water, and covered with a cloſe receiver, 
and then the air be exhauſted out of it; upon lettin 
the air in its preſſure on the water in the phial 
N vater up into the bubble, ſa as almoſt 
50 It. 

If a bell be covered with a cloſe receiver,” ak 
the air be exhauſted out of it, the ſtriking of the 


rer 


If a pump be placed in water, under a receiver, 
and the air be exhauſted, no water can be raiſed. 
by working the piſton, until the . in again: 
which ſhews, that the 


e eben in 
te ara e ich tin 7 uction in 


my 
a l. ſmall receiver be placed des pal, 
at ſome diſtance from the hole, and Lit a 
er Wan ©7 #1703 0Oq E leite 


Wy 
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large receiver over the hole; and then, if the air be 
exhauſted out of both receivers, the ſmall one will 
continue looſe on the plate, and the large one will 
be preſt down upon it. But, upon letting the ait 
into the big receiver, it will be releaſed,” and the 
ſmall one will be preſt down: which ſhews, that the 
receivers are held down by preſſure, and not by ſuc- 
tion. 

If : a — be erkannt of air, and then balanced 
in a pair of ſcales; upon letting the air into it again, 
it will preponderate, and be found to weigh heavier, 
by about 16 grains, for every quart it holds. 

If a hole be made in th bottom of a cup, and 
have a bit of dry haſel or willow branch fixed into 
it, and the 2 end of the branch be fixed into a 
hole in the top of a receiver; if quickſilver be poured 
into the cup, and the air be exhauſted out of the 
receiver below it, the quickſilver will be forced 
through the pores of the branch, by the weight of 
the incumbent air ; and will fall, like 4 ſhower, 
—_ the receiver. 

2 be fixed into a plate which covers the 
open of à tall receiver, and the air be ex- 
hauſted ; if then the lower end of the pipe be im- 
merſed into a baſon of water, the preſſure of the 
air will force the water upward, ſo as to make 
a fountain in the exhauſted ' receiver. 

If che air be exhauſted out of two hemiſpheri- 
ral braſs cups, joined together only by a piece of 
wet leather put — them; i! the diameter of 
each cup be 5+ inches, it will require a force equal 
to 360 pounds to ſeparate them; ſo ſtrongly are 
they held. together by che en of an outward 
air. 
If a ks about 30 0 22 inches long, and open 
at one end, de glied with quickfilver, and the 
open end be immerſed in a jar in which there 
is s ſome quickſilver, the quickſilver will fink in = 
C 3 "SM 


again 
3 — 4h „ it Haste on Th cker in 
the jar ſo, as to drive it up into the tube, and ſup- 
it at ight therein as it ſtands in the 
meter: which ſhews, that the quickſilver in the 
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| Fa. legden. weight of three or four pounds be 
Le the end of « Gringe, and the piſton be 
lead and ſyringe will be "forcibly 


the piſton, by the upnard preſſe of 


dle will burn — one: minute and no longer: 
4 2 of freſh air is requiſite 
flame of a candle. When 
out, yo gc will 2 to 
receiver; on exhauſting air 

out of the receiver, the ſmoke will fall down to 
the bottom of it on the pump plate. This ſhews, 
chat ſmoke is bot devoid-of weight, and that it 
aſcends in air, only becaule it is lighter than air; as 
er 6g water for the * 


1 
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If a little air be ciad up in a bladder, and the 
bladder be covered with à cloſe receiver; upon er- 
hauſting the air out of the receiver, the air confined 
in che bladder will expand fo; as to male the 
une? appear full blown: but, upon admitting 
in into the receiver, the vor _ be 
pre to its former ſhrivelled ſtate. & 1 
If cke ſame ————— ado obs 
have 16 or 20 pound weight of lead put upon i, 
and then covered with a receiver ; upon exh 
the air out of the receiver; che air” confined in 
the bladder 5 


4 

See de Is as greateſt 
—— 2 — e 96 3.716 
ens open at both ends, has one end'immerſed 
into a jar about a third part full of quickſilyer, and 
che whe be cemented (or ſcrewed) into de Jar, to 
confine the air cherein chat lies above the | 
ver, and che tube and jar be oo with's tall 
receiver; on exhauſting the receiver, che air will | 
come out of the tube by means of its ſpting, and 
the ſpring of che air which is confined in che jar will 
force the quickſilver up into the tube, as/high as it 
was raiſed in a former experiment by the weight af 
the air: which proves, that the ſpring « af the = is 

equal to its preſſure or weigkt. f 
If. a tall receiver be exhauſted of an and Jets 
by a pipe to a veſſel abont half fulFof water, { as 
4 — 1 8 of the Ar that hes 
this winer in thi iT fores rhe u i 
— receiver, and make a fountain therein: * 
If a fhrivelled apple be put under a receiver, and 
the receiver be exhauſted of air 3 the dir confined 
in the * will plump it out, and make it Jook 
quite freſh : but on letting the air into the receiver 
again, its weight will reduce the apple to its 4ar- 
ner fhetvelles Tone. : 1 
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AD Nl cents bot; 

n, ut r a receiver; upon 
air out of the — abs tele In — 
force the juice out through the holes 1 by the 
de e make „ ee 

4 0 

If a little of the ſbell be eut off from the ſmall- 
eſt end of a freſh g, and the egg be put under a 
receiver; on exha the receiver, the bubble of 
air confined in the bigge ſt end, between the film 
aud Hell. vill expand ieſelf fo by the force. of its 

to drive. {out.; the-contents of the egg 
into the exhauſted receiver. 

If a glaſs of warm een err, 
Eo ——ç ͤ— the beer will ſhew all 
the appearance of boiling,-8'the air comes out of it 
by the force of its ſpring. 

If about a-cubic inch of dry wainſcor be put into 
a glaſs of warm water, and covered with a receiver z 
il and a. long time afrex it has dane 
— Snape come out of the 
— — —Ä—ü—ü— 
the ſides of the glaſs, and rebounding 
3 8 wands ih 90: cancr; $2t nd Cram: 


wer be waren * then is 
it through the flame of a candle, held 
a pipe which opens into the receiver 
FY bel cover, the receiver will be filled 
If then the cover be taken off, 
t into the recpiyers. it will die: 


. 
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On the US EH GLOBES. 


HEN the earth's ſhadow falls = the 
moon, it is bounded by a circular line, 
whatever ſide of the earth be turned toward 
the moon.— This proves the earth to be a ſphe- 
rical body, and not an extended plane. Its circum- 
ference is found (by meaſuring the length of ſome 
. on its ſurface) to be 25,0384 Engliſn miles 3 
conſequently its diameter is 7970. 
All terreſtrial bodies are attracted towards the 
earth's center ; and, therefore, no body can fall from 
any part of its ſurface any other way than toward ity 
center. Hence, people ſtands equally firm on all 
ſides of the earth. a | 
The four principal continents are, Europe, Aſia, 
Africa, and America. ,.,; 1 4 9 ht , 
The principal Oceans are, the Northern Ocean, 
the Atlantic Ocean, the Ethiopic Ocean, the Indian 
Ocean, the Pacific Ocean, the Southern Ocean. 
According to meaſurement from the beſt maps, 
the ſeas and unknown contain 160, 566,276 
ſquare miles; the inhabited parts 38,990. 569; Europe 
4456,05; Aſia 10,768,824 z-Atrica 9,654,807 z 
America 14, 1 10, 874. In all, 199,636,846 which 
is the 8 ſqure miles on the whole ſurface of 
Our. O * LSE, x 11 rant? N 
M ben a ſpherical ball has the different countries 
and kingdoms delineated upon it, and the rivers and 
towns therein roper'y * it is a repreſentation 
of the earth: for the hills take off no more in compa- 
riſon from the roundneſs af the earth, than grains 
og do from the roundneſs of a common 
K When a hollow ſpherical hall of glaſs has the ſtars: 
Poperly marked on its inſide, with the ſun, _ | 


| 4 1] 
and planets, it is a repreſentation. of the viſible 
heavens, to an eye ſuppoſed to be placed in its 
center. But becauſe it would be impoſſible to have 
theſe in — ber ne Saale unleſs. 
were m of two hem joined toge 
the ſtars are laid down on the furface of an opake 
ue: The ſun and planets are continually nging 
ir places, and therefore they cannot be marked any 
other way than by g pencil or chalk occaſionally. * © 


. To find the latitude and longitude of any 
2. The latitude and longitude being given, to find 


3. To find the difference of latitude, or diffe 
of longitude, between any two given places. © © 
4. A place being given, to find all thoſe places 
which have the fame latitude or longitude with it. 
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11. The day of the month being wen, to find 
2 


* 
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12. A place being given in the torrid zone, to 
find thoſe two days of the year on which the ſun 
ſhall be vertical to that place 
13. To find all thoſe places of the north frigid 
zone where the ſun begins to ſhine conſtantly wich- 
out ſetting on any given day, from the 21ſt of. 
March to the 23d of September. 
14. To find to what place the ſun is vertical at 
any 8 1 time. 
The day and hour at any place being given, 
to find all choſe places where the ſun is then 
or ſetting, or on the meridian : conſequently, 
thoſe places which are enlightened at that time, and 
thoſe which are 1 ns * 
16. The day our of a lunar eclipſe 
given, to find all thoſe places at which ic will be 


viſible. 
1 To reQiify the globe for the latitude, zenith, ; 
and ſun's place. 

18. The latitude of any place not exceeding 66 
degrees being given, to find the time of ſut-riſing 
and ſun-ſetting at that place. | 
19. The latitude of the place, and the day of 
the month, being given; to find when the morning 

ilight begins, and evening twilight ends. 

20. To find on what day of the year the ſun 

begins to ſhine conſtantly without ſetting, at any 

place of the north frigid zone: and bow m he 

continues to do fo. 

4 ng ous III con- 
antly, without ſetting, for any time leſs 

than 182 of our days and nights. 

22. To find on he point of the comp ges 


2 riſes, or ſets, in any given latitude lels th 


degrees. 
23. The latitude, the ſun's place, and bis Alti. 
tude, bein g given; to find the Pour of the day, 
and the lar azimuth. 
D 24. The 
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24. The Jatitude, the ſun's place, and his azi- 
muth, being given; to find the hour of the day, 
and the ſun's altitude. | r 
26. The latitude, the ſun's place, and ghe hour 
of the day, being given; to find the ſun's altitude, 
and his azimuth, 

206. The Jatirude, the ſun's place, and his alti: 
tude, being given; to find the variation of the 
compaſs. - | 

27. The. latitude, the ſun's altitude, and his azi- 
muth, being given; to find his place in the ecliptic, 
the day of the month, and the hour of the day; 
though they had all been loſt. } 

28, To find the length of the longeſt day, at any 
given place. eds | 
29. The length of the longeſt day, at any place 
being given; td find in what climate that place is. 

30. To find in what latitude the longeſt day is 
of any given length leſs than 24 hours. 

31. The latitude, and day of the month, being 
given 3 to find the hour of the day when the ſun 
mines. ; | 

32. To explain the equation of time. 

33. To explain the phenomena of the harveſt- 
moon. | 4 
34. To explain the principles of dialing, and to 
conſtruct a ſun-dial on any Plane, for any given l 
tirude, e 


chief problems which may be ſolved by the ce- 
Toe OY ie globe are Joſe that Les? T 
T. To find the right aſcenſion and declination of 
FF 
2. To find the Jatitude and longitude of any ſtar. 
3- To repreſent the face of the heavens at any 
hour of the night. 
4- To find the time, on any given day,, when 
any ſtar will riſe, or be on the meridian, or ſet. 7 
7 N e 


2 


TY 


jt To nd at what time of the year a given ſtar 
] riſe,” or be upon che meridian, or ſet, at any 
1ven hour. 

6. Divers ways of finding the hour of the night 

by the ſtars. 

7. To find the place of the moon, or of any 
planet, on the globe; and the time of 1 its riſing, or 
vuthing, or ſetting. | 

8. To explain the preceſſion of the equinoxes. 


N. B. All problems. relating to the ſun may be 
ſolved either — the celeſtial or terreſtrial globe. The 
method of folving them would enlarge this treatiſe 
much beyond the intended bulk : 24 it is to be 
found in Mr. Harris's. book on the ule. of the 
Globes, fold by Mr. Cole at the Qrrery in Fleet- 

reet; or in my book of Lectures, ſold * Mr. 

lar, Bookſeller in the Strand. p 


LECTURE viL 


| On the CENTRAL FORCES, ue 
of the TIDES. n 


AT TE R, being inert, can other Hove 
nor ſtop of itſelf, as is ſhewn by a ball on the 
tobirling table; which neither begins to move when 
the table moves, nor ſtops when the motion of the 
table is ſtopped, —Conſequently, all motion is in its 
own nature tual. And yet, no perpetual. mo- 
tion can "bb inde” by art, Nut we 55 neither 
annihilate friction, nor quite take off the reſiſtance 
of any medium. 
Motion is fectilineal, when only one force or 
power acts upon the moving body. Therefore, 
: When we ſee a body move in a curve of any kind 
3 4 3 50 we muſt conclude it is acted upon by 
Wr at leaſt. 
bodies moving in orbits, have a tendency to 
* By off from their orbits, and move in right tines”: 
D 2 theres 


* 


at would more if it had no face 
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therefore, to keep them in their orbits, - ſome active 
2ower mult be conſtantly drawing them, or im pel- 
them, toward the center of their orbits : as is 
end by-a pebble whirled round one's hand in a 


8 

. The planets are retained in their orbits by the 
power of gravity, and they are moved in their or- 

ts by a — force impreſſed upon them at the 


If the of gravity alone acted on the. __ 
it * 


ring them down to the ſun.— If 
jectile force acted alone on the planets, it would 


them off in ſtraight lines, which would be tangents 
to their orbits. 

- yp ſun and planets mutually attract each other, 

fs ara to their quantities of matter. — The 

attraction is that which cauſes or conſtitutes 
i” ng of the planets. 

center- of gravity of any two 8 bo- 
dies is a point, round which they are in equilibrio : its 
diſtance from their centers is inverſly as- their quan- 
tities of matter. 

When one body moves round another, both of 
them mult move round their common center of gra- 
Tis 4 as is E proved by experiment. Hence, 

y in the ſolar ſyſtem could not re- 


. ee if any other e 04 


it. | 
The of matter in the ſun is much 


er than in all e Tbessfowe, 
the common center of gravity between the ſun and 


planets is much nearer to the ſun than to any planet 


in the ſyſtem. 
The common center of gravity between the ſun 


and all the planets is at reſt: but the common cen 
ter of gravity between any planet and its ſatellite is 
moveable, nil eſeatins Ga rhit 36 which the planer 


L 29 1 
The common center of groviey berwory the eartk 
and moon is 6000 miles from the earth's center 
As the earth and moon move round their common 
center of gravity every month, the carth's center 
deſcribes a circle of 12000 miles diameter in that 
time: and conſequently, the earth is 12000 miles 
nearer the ſun at the time of full moon, than at the 
time of new moon. - Per 
All parts of the earth have a tendency to fly off, 
in proportion to their diſtance from this common 
center of gravity: therefore the ſide of the earth 
which is. at any * turned away W the moon 
has a greater centri force, or tendency to fly off, 
than ptr ug 171 and Lee 2 
has a greater centri force, | | 
earth ich is turned towards the moon. * 2 
At 100 earth's cn the 3 2 ba» 
lances t N orce: conſequently, her at- 
traction on the ſide next her is ſtron n 
centrifugal force of that ſide; and weaker than the 
centrifugal force of the . ſide fartheſt from her. As 
the moon's attraction on the ſide of the earth pexr 
to her is greater than the centrifugal force of that 
ſide, her attraction cauſeth the tide to riſe on that fide. 
As the centrifugal force of the ſide of the earth 
fartheſt from the moon is greater than the moon's 
attraction, the centrifugal force cauſeth the tide ta 
riſe on that ſide. pos | + 
The tides riſe equally „or nearly ſo, at the 
ſame time, on both ſides of the earth; becauſe the 
centrifugal force of the fide that is fartheſt from the 
moon overbalances her attraftion very nearly as 
much, as her attraction on the fide next her ovges 
balances the centrifugal force of that fide. | 
A A double velocity, in the ſame orbit, balances 2 
quadruple power of attraction at the center of that 


orbit, as is manifeſt by experiment. Therefore, if 
the velocity of any planet were twice as great as it 
1+. 2 now 


nw is, n would need to be 
"I great, in order to retain the planet in 
Th 3 
r of che planets periods round the ſun 
by obſervadan to be as the cubes of their 
diſtances from the ſun.— this be repreſented on the 
2 table, it appears, that the powers at the 
ws to 0 FIP the planets in their orbits, 
the ſquares of their diſtances from 
232 bf their its: which proves, that the 
fun's attraction diminiſhes in proportion as the 
fquares of the diſtances from him increaſe : that 
B, at a doublediſtance, his attraction is four un 
leſs; at a triple diſtance, nine times leſs; at a qua- 
druple diſtance, M teen times leſs; and ſo on. 
The motions of the comets prove the Cartęſan 
doctrine of vertexes to be abſurd. This is alſo prov- 
ed by an experiment on the whirling table, made 
by mercury and water in one tube, and water and 
—— in another. 
Tbe earth is of a ſpherojdal figure, as is proved 
by the French obſervations; its equatoreal diameter 
being longer than its axis. This demonſtrates that 
the earth turns on its axis: for, if it did not, the 
water would leave the equatgreal tegions, and over- 
flow the polar. The whirling ſphere proves, that 
this — of the earth hr ra Wo its motion on its 
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[LECTURE IX. 
"OG ASTRONOMY. 


O ſcience is comparable to this, in giving us 
noble ideas of the Deity and his works; and 
rawing us near to him. The earth is at leaſt 160 - 
millions of miles nearer ſome of the ſtars at ons 
time of the year than another: and yet, the ap- 
parent magnitudes of theſe ſtars, -and their angular 

" ER 
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diſtances from each other, is ſtill the ſame: which 
proves, that the diſtance of the ſtars from us is ex- 
ceeding great. 

At the diſtance of any ſtar, all the planets in our 
15 would diſappear: and the ſun would appear 

o bigger than a common ſtar does to us. Con- 

33 each ſtar may be a ſun to a ſyſtem of 
planetary worlds, which our beſt teleſcopes cannot 
alley 'diſcover. 

The ſtars are vaſtly too remote from the ſu 
to be enlightened by it, ſo as to reflect light enough 
to make them viſible. Hence it is plain, that 
ſhine by their own native and unborrowed luſtre. 

Thoſe of the firſt magnitude cannot be leſs than 
the ſun ; otherwiſe they could not appear fo large 
to us as they do. Since they are ſo large, and ſhine 
by their own light, they are ſuns. 

It is probable that all the reſt are as large, and 
only appear to be of different magnitudes, by reaſon 
of their different diſtances. 

The number of ſyſtems which would ſtand a- 
round our ſolar ſyſtem, and next to it, is much leſs 
than the number of thoſe which might ſtand next 
around them.—And ſo on to infinity. But the ſtars 
of the firſt magnitude are much fewer in num 
than thoſe of the ſecond : thoſe of the ſecond much 
fewer than thoſe of the third: and ſo on. 

This circumſtance makes it highly probable, that 
the ſtars of the firſt magnitude are ſuns to thoſe 
ſyſtems of planets next around our ſyſtem : thoſe 
of the ſecond” magnitude, funs to thoſe ſyſtems next 
beyond our neighbouring. ſyſtems: and ſo on, to 
the ſtars of the ſixth magnitude, which are the 
ſmalleſt that common eyes can perceive. 


ES wo; * means of the teleſc cope, thouſands of 
iſcovered, which are quite inviſible to the 

— eye. Thoſe are certainly of no manner of uſe 
10 us; . ve 8e therefore conclude, that 4 


4 


* 
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are uſeleſs ; and conſequently we infer, that they aro 
funs to particular ſyſtems of worlds. 
Our earth, if * from the ſun, would appear no 
„ e a point; as is evident from the ſmall- 
of the ſun's parallax. It is a planet only of the 
third magnitude, for it is much leſs has Saturn, 
and Saturn is conſiderably leſs than Jupiter. 
The folar ſyſtem conſt Its of the ſun, fix primary 
planers ten ſecondary planets or moons, and the 


| The fix primary planets are Mercury Fas, the 
Zartb, Mars, Jupiter, and Saturn. —The Earth has 
one moon, Jupiter has four, and Saturn five. 

All the planets move round the ſun from weſt, 
by ſouth, to eaſt; in orbits which are nearly cir- 
cular, and but liftle inclined to each other. The 
comets move in all ſorts of directions, in orbits 
which are very long ellipſes, much inclined to one 
another, and to the orbits of all the planets. The 
tails of the comets are only thin vapours : for, if they 
were flame, no ſtar could be ſeen through them. 

The time in which any planet goes round the 
| fun, is the length of its year; and the time in which 
it turns round its axis, is the length of its day and 
night taken together. 

Mercury goes round the fun in 87 days 23 hours: 
its diameter is 2600 Engliſh miles, its diſtance from 
the fun is 32,000,000 of miles, and its hourly 
motion in its orbit is 95,000 miles. The time of its 


diurnal rotation, or of its and ts, 
length days and nigh 


i 

| Lens goes round the ſun in 224 days 17 hours: 

banden; THT INI, bs pcs from the ſun 
59,000,000 miles, its hourly motion in its or- 

n 

24 days 8 hours of our time. 

The Earth goes round the fun in 365 days 5 

: — its diameter is 7970 miles, it 

ance 
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diſtance from the ſun is $1,000,000. of -miles, its 
. hourly motion in its orbit is "OPER miles, and io 
turns round its axis in 24 hours. 
The Moon goes round the earth, from 2 to 
change, in 29 days 16 hours 44 minutes; and 
turns round her axis in the ſame time} Her diffe- 
rent phaſes prove that ſhe ſhines: by reflecting the 
light of the ſun; and not by any light of her own. 
Fler diameter is 2170 miles, and her diſtance from 
the carth is 240,000. In reſpect of the INS 
moves 2290 miles each hour in her orbit. 
23 "A 


—_ round the ſun in 686 d 
les dia er is 4444 miles, its diſtance from the ſun 
is 123,000,000 of miles, its hourly motion in its 
orbit is 47,000 miles, and it turns ne 
in 24 hours 40 minutes. 
2 goes round the ſun i in 4332 days 12 pts: 
ite diameter is 8 7,00 miles, its diftance from the 
ſun is 424,000,000 of miles, its hourly' motion in 
is orbit is 25,000 miles, and it Oy TT Pl 
in 9 hours 56 minutes. 
is planet has four moons mo round 4 
at different diſtances. Its firſt or neareſt moon 
| arp it in 1 day 18 hours 36 minutes, the 
in 3 days 13 hours 15 minutes, che third 
in 7 days 3 hours 59 minutes, and een = 
16 days 18 hours 30 minutes. OJ 
Saturn goes round the ſun in e omen 
its diameter is 67, ooo miles, its diſtance from the ſun 
is 777,000,000 of miles, and its hourly” motion in 
its orbit is 183000 miles. The time of its rotation 
on its axis is unknoẽõww— ³ð A 7 2006 1 
Ibis planet has five moons, the neareſt of yrhich 
round it in x day 21 hours 19 minutes, the 
in 2 days 17 hours 40 minutes, the third 
in 4 days 12 hours 25 minutes, the fourth in 15 
days 22 hours 41 minutes, and th&frhving 79 
1 57 hours 48 minutes. | 
E22 mm 
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+ If a body, projected from the ſun, ſhould con · 
tinue to fly at the rate of 480 miles every hour 
(which is about the ſwiftneſs of a cannon-ball) it 
would reach the orbit of Mercury in 7 years 221 
days; of Venus in 14 years 8 days; of the Earth 
in 19 years 91 days; of Mars in 29 years 85 days; 
of Jupiter in 100 years 280 days; of Saturn in 
184 years 240 days; and to the neareſt of the ſtars 
in about 8 millions of years. 

The ſun's light Simioiſhes in proportion as the 
Gquares of the diſtances: from him increaſe.— Mer- 
cury is ſeven times as much enlightened - as the 
Earth is: Venus twice as much; Mars has little 
more than a fourth part of ſo much light as the 
Earth has: Jupiter has the a twenty- eighth part, 
and Saturn a ninetieth 

The ſun's diameter is 3 miles. If we ſup- 
noſe it to be divided into 10,000 equal parts, Mer- 
cury's diameter will contain 34 r of ſuch parts 3 
Venus's diameter 103; the Earth's 104+ 3. the 
Moon's 28 2, Mars's 5555 Jupiter's 10613, and 
Saturn's 8783. | 

Now, let us ſuppoſe that an Gp is incnded to 
be made, in which the ſun and ee ar 

nted in-their proportional magnitudes, 
— placed at chen proper diſtances from the ſun, 
in proportion to their magnitudes; as in the hea- 
vens: dhe ſun's diameter in the Mn 12 


we 1 
3 the diameter of Mercury would be 


e parts: of an inch; the diameter of Venus 45 
parts; the diameter of the Earch v2. b parts:(which 
is equal to the eighth part) of an inch: the 
Moon's diameter ro parts; Mary's e E 
parts of an inch; Jupiter's diameter one inch 
8 S 
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Then, the true proportional diſtances of theſe 
planets from the ſun would be as follows: Mer- | 
cury's diſtance 43 feet 1 inch; Venus's diſtance 
7 feet 2 inches; the Earth's diſtance 105 feet 10 
inches; the Moon's diſtance from the Earth 3 re in- 
ches; Mars's diſtance from the ſun 161 feet 5 in- 
ches; Jupiter's diſtance 355 feet 9g inches; and Sa- 
turn's diſtance 1018 feet 7 inches, or 339 Yards 1 
foot 7 inches. So that the circumference of Saturn's 
orbit would be 2130 yards; or a mile and almoſt a 
quarter. | / 
Conſequently, there is no fuch thing as havin 
the ſun and planets in their relative magnitudes, 
at their proportional diſtances, in an Orrery; even 
though the earth ſhould be no more than the eighth 
part of an inch in diameter. 


LECTURE ©. * 
On AS TRON O MT. 


HE axis of any planet is a phyſical line, round 
| which the planet turns: and the extremities 
that line are its poles. | 
Ihe earth's motion on its axis is the cauſe of day 
and night: for its turning round every 2 4 hours pro- 
duces the ſame effect, as if the ſun moved round it 
in that time. | 
The earth's axis inclines 234 degrees from a per- 
pendicular to the ecliptic;--or orbit in which the 
earth moves round the ſun. Therefore, the earth's 
poles can never incline more than 23+ degrees toward 
or from the ſun. N 55 a 
The obliquity of the earth's axis, and its conſtant 
paralleliſm” during its annual courſe round the fun, 
are the cauſes of the different feafons, and different 
lengths of days and nights. | F 
The north pole of the earth's axis inclines more 
or leſs toward the ſun, from the vernal exquinox to 
2372.12.06 AT 79400 3 8 gy tf] 7 09S es enn 
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the autumnal ; and more or leſs from the ſun, from” 


the autumnal equinox to the vernal.— In the former 
caſe, it is the ſummer half year in the northern he- 
9 8 of the earth; in the latter caſe, the winter 


f year; and the contrary in the ſouthern hemiſ- 
Phere of the earth. For, when the north pole in- 


equinox 
val day and night in the ſpring) is on the 20th 


the autumnal equinox (or equal 


goes 
plan of the ecliptic : 
0 


in the ſame time. For, in whatever place of the 
ecliptic the earth is, at any time, as ſeen from the 
fun, the ſun, as ſeen from the earth, will ſeem 1 to be 
in the oppoſite part of the echiptic. 
The equator is a great circle, all round the earth: 
It divides the earth into two equal parts, called the 
northern and the ſouthern hemiſpheres. The north 
pole is the middle point of the northern hemiſphere, 
the ſouth pole the middle point of - the —— — 
The equinoctial circle in the heaven is directly over 
ue 7 s equator, and divides the heaven into two 
parts, called its northern and ſ hemi -; 
1. he grad of the n over 
ih pales of the 
At the ei oc "abs earth's axis inclines | 
toward the fun, nor from him: at the ſolſtices Nee 


gere the midqle days of ſummer and winter) it inclines 


1 or from the ſun, 1 


day and gight in cum) & on.che $30 1 | 


earth, the ſun appears to go round the ecliptic 


{ 


\ 


5 

man degrees round the A ——— 
ward hm, 6 6 degrees 1 the oppoſite 
that pole. o many is 
| — in darkneſs. 

The ſun is on the north ſide of the equator from 
the 20th of March to the 23d of September: and 
= ER OO 23d of 
September to the 20th rwo 
tions it is plain, ee 
n the whole year. 

The northern tropic is a circle 235 degrees on the 
north. fide of the equator z the ſouthern tropic is a 
circle 235 degrees on the ſouth ſide. "Theſe are the 


limits of the ſun's grenelt n nn 


nations. 

| The palar circles are 233 diſtant from the 

poles, all around. When the ſun is in the northern 
the whole ſpace within the north polar circle 

m— htened, and all within the ſouth circle 
rkneſs : the contrary, when the fun is in the 

—— theſe things are plainly ſhewn 


by the Orrery. 
The meridian of any gi place is a ſemicircle 
cutting 2 


through that 

right angles, and terminating in the 
The carth's circumference is 360 degrees; and ag 
the carth turns round. its axis from the ſun to the 
ſun again, in 24 hours, each meridian revolves 13 
1 in an hour; for 24 times 1 4 is 360. 
place, whoſe meridian a e 


45. 45. Go, gr 75 degres(and fm increaſing 
| meridian of any given place, has 


nr Ros wr 
IT ar the giver place: N ch 


(and fo on in proportion). ſooner than the like 
1s £4: 8h 755 


The 1 of an is the number of degrees 
. — between Places th and the meridian 


A any given place from which the longitude is re- 


* 
88 
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koned-3::and is caſt or weſt, according as that place 
is eaſt or weſt from the meridian of the given place: 
Tbe eclipſes of Jupiter's ſatellites afford a method 
of finding the longitude, according to the obſerved 
times of their happening, as ſeen from different 
places of the earth. Thus, ſuppoſing an eclipſe of 
any ſatellite to happen at ſix in the morning at 
London ; and that it was ſeen at another place at 
four in the morning: the difference of time is two 
hours, which anſwers to 30 degrees. Conſequently, 
the meridian of the place where the eclipſe was ſeen 
at four in the morning is 30 degrees weſt from the 
meridian of London, 0 170A e I ger 

at fix in the morning. 
The ſame eclipſes ſhew, that the motion of light 
is not inſtantaneous, but that it takes about 16 mi- 
nutes to travel through a ſpace equal to the diame - 
ter of the earth's orbit. For, when Jupiter is near- 
ly in conjunction with the ſun (that is Go the ſun 
is between the earth and Jupiter) theſe eclipſes 
4 happen 16 minutes later than when Jupiter is in 
 oppolition to the ſun, which is, when the earth is 
between the ſun and Jupiter: In the latter caſe, 
the earth is nearer to Jupiter by the whole diameter 
of its orbit (which is 9 millions of miles) than in 
the former. Therefore, as the ſun is nearly in the 
center of the earth's orbit, and his mean diſtance from 
the earth is 81 millions of miles; and ſince light 
moves through. a ſpace equal to the whole diame- : 
R of the earth's orbit in 16 minutes, it moves 
the ſun to the earth in eight minutes; which is 
almoſt as far as a cannon - ball would go in 20 years. 
Hence it appears, that light: moves at the rate of 
$92,180,000 miles in an hour; 9,869,666. miles in 
4 migute; and 164,494 miles in a ſecond; which is 
10,210 times ee, as the 8 its annual 
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"LECTURE XL 1 if 
o, ASTRONOMY: i 


IHE moon turns mens ber unis inithb mb | 


* % J At n 
, 2 l 


time that ſhe goes rund the earth in her 
orbit, and therefore, the prige-Ks keeps. the ſame 
kde toward the earth. T in 
Fer periodical — or time of going round 
L e | 
is 27 days 7 hours 43 minutes.. 05 
ſynodical revolution, tie en 
to change is 29 days 12 hours 44 minutes which 
— day and night taken together: 
2 as ſeen from the ſuns ſhe airns ly once: fund 
her axis in that time. 1/7 7 on 1h (19909 27 L 
I "If the earch had no ve (or annual) motion 
round the ſun, the ſame point of the moon's arbit 
would always keep between the earth and the ſun: 
and then — would be no difference between ber 
periodical and ſynodical revolution ; for ſhe would 
always change in the ſame point of her otbit. 
But, as che rarth is in motion round the. ſun, and 
the ſigns of the moon's orbit alwa ys keep 
lel to the like ſigns of the fit califtic za rent 
of the [moon's orbit will be every day 
n the earth and the ſun from that which was 
o on the day before: and, therefore, che moon 
mult moye as many degrees more than round her 
orbit, between any change and the next 
as the earth has advanced in the cclüptie dung 
that time; which is 297 degrees 1 91,7 20008 
":.As tha woen goes quite coupe. her-aobinis 27.days 
7 hours 43 minutes, and the earth goes round the 
ſun but ou 2 Year, the earth's axis has all: the 
to the moon in the time ſſie 
ber orbit, that-it has. to the ſun in ont 


goes 
2 


4 | | * The 
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ken ſhe is 
from the 
one half of het 
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Kreis 
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- her riſing is not then taken notice of; 

fur is above the horizon,  » 

— 9 and aries about the 
change; and as ſhe then gives no light, 


. FS 
= 
; . 
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m ſummer, the PEP in piſces and aries youve 


her third quarter; -and then, as ſhe riſes not till 


about mae gde. her riſing paſſes unobſerved,  elpe\. 4 2 | 


cially, as ſhe is ſo much on the decreaſe. 


4 * 


In autumn, piſces and aries are te to the 
95 


ſun; and therefore, the moon is th in ther 

and riſes immediately after ſun- ſet for ſeveral even- 
ings together; which makes her riſing very conſpi- 
cuous, as it is ſo benefical to the Eee in affordi 
them an immediate ſupply of light after the goi 
down of the ſun, for. reaping the fruits of th 
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Oz ASTRONOMY. ... .; 


I. I. the planets and ſatellites are enlightened 
A by the ſun, and caſt ſhadows toward that pare 
.of — which is oppoſite to the ſun as ſeen fro 


them. 
If the ſun and earth were equally big, the aa 


 Thadow would be infinitely extended; and always 
| of the ſame bulk, and would do more than cover 
the planet Mars when oppoſite to the ſun, becauſe 
Mars is much leſs than the earth. 
I che earth were bigger than che ſun (and 10 8 
it ſeems to be the biggeſt body in the univerſe) its 
4 would ſtill be the bigger the farther it ex- 
tended ; and would even cover Jupiter and all his 
moons, when Jupiter is oppoſite to the ſun,  — 
I che ſun be bigger chan the earth, the tha- 
_ . dow, will be of a conical figure; and ex in a 
point at a certain diſtance from the earth. 
Hut the earth's ſhadow never reaches Mars, al- 
thong ch that planet, when ' oppoſite to the ſun, is 
not * 42 millions of miles from the earth; 
which demonſtrates, that the ſun is much bigger 
than the earth. ; LEW 


- 
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Che moon is ecli pſed, when ſhe falls into the 
2 ſhadow. Therefore, ſhe can never be eclipſed. 


& . but at the time of her full; becauſe, that is the only 
© time, of her being ſite to the fun® If ſhe were 
4 a luminous body, the could not be darkened by 
3 1 e For. s candle will "for > 
= 


: diminution of its light, by vin placerl in the ſhadow 
| of a board, or globe, eplightened on the oppo- 
ſite ſide by another candle. 
be ſun. is faid to be eclipſed, when the moon 
paſſes directly between him and any part of the 
earth ; which can only be at the time of new 
moon. But, although the moon may then hide 
the ſun from part of the earth, and that part 
muſt be darkened, becauſe the moon's ſhadow co- 
we. vers it; yet, as ſhe does not take ſo much & a 
1745 ray of light from the ſun, the ſun, ſtrict 
peaking, is never eclipſed by the moon ; 
more than by the convexity of the earth, wh 
hides him from out ſight. Notwithſtanding, when 
the moon hides the ſun, or any part of him, from 
our ſight, we ſay, the ſun is eclipſed. 

If the moon's orbit lay in che plane of the 
ecliptic (in which the earth always 3 the ſun 
would be eclipſed at the time of every new moon, 
2 the moon would be eclipſed at the time of every 

J. 

But one half of the moon's orbit is on the north 
ſide of the plane of the ecliptic, and the other half 
on the ſouth ſide of it. Therefore, the moon's 
orbit cuts the plane of the ecliptic only in two = 
ſite points, which are called the moon's nodes. 
angle of the moon's orbit with the ecliptic is 5 de- 


. grees 18 minutes. 


® If a circle be drawn on a piece of fmopth flat paper, the 
paper many" by July called e 


&: 1 | When 
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When the moon is any thing more than 12 de. 
grees from either of her nodes at 1 
Fal. the th clear of the earth's ſhadow ; an 


therefore ſhe ot be eclipſed at that time. But 
hen ſhe is within 12 degrees of either node at 
full, ſhe is eclipſed; and if ſhe be in either of tha 
nodes, the eclipſe will be central. 
When the moon is any thing more than 18 de- 
grees from either of her nodes at the time of 
change, ſhe either paſſeth above or below the ſun ; 
and therefore the fun eannot be eclipſed at that 
time. But when ſhe is within 18 degrees of the 
node at the time of change, ſhe eclipſeth the ſun 
to ſome part of the earth. And if ſhe be in the node, 
the eclipſe will be central to that point of the-carth's 
ſurface which is in a right line between the ſun's 
center and the earth's. *- F oof 
If the moon's nodes kept always in the ſame 
figns of the ecliptic ; in whatever ſigns the ſun and 
moon were eclipſed in any given year, they would 
be ſo in every year after, —But the eclipſes fall 
back every year, from the conſequent towards the 
antecedent ſigns, in ſuch a manner as to ptove that 
the moon's nodes move backward 194 degrees every 
ear: and therefore, in 18 years 225 days, they move 


ckward through all the ſigns and of the 
ecliptic. : I; 
Prom the time of the ſun's being in conjunction 


with either of the moon's nodes, to the time of his 
being in conjunction with the other, is 173 days. 
If the nodes had no motion, the interval between 
theſe conjunctions would be 1824 days, or halt a 
ear. ä | ) 219 | 

In 18 years 11 days 7 hours 43 minutes, there is 
a conjunction of both ſun and moon with the 
ſame node. And therefore, in that time, there is 
a period or reſtigutiqn_ of the ſame ccliples, 


% 


[44 1 * 
be ton 5 our SAVIOUR s 2 : 
-could not poſſi bo occaſioned by a natural or regy- 
lar eclipſe of the ſun; for it was at the time of he 
-paſſover, which- was always Kept at. - of full 
"Io Hewes crucified ap the day nexc ore che Jew- 
iſh ſabbath, which being kept on, our Saturday, 
8 — was on Friday, So that the paſſover 
ag oreng in * a "au 
ut it appears ation, that there 
— ping ſſover full moon on a Friday o 
4oth. year of our Saviour; and 404 
ene toll moon was on the thixd day of April, 
— LS Sex ear of his age, xd from the 
2 e 
The 33d year of, Chriſt was. 474 th year 
the Julian period, and the fourth Fear of the 3 
PDuüligen, a heathen writer, tells us, that in the 
fourth year "of the 402d Olympiad, there was the 
of the ſun that ever. was known; 


-and'that 0 was might; e the fixth hour of the 


— * canon beres the year, in which the com- 
mandment was given to Ezra by Artaxerxes Longi- 
- manus, to reſtore the ſtate of the == to the year of 
the Julian 4256 : and, according to Daniel's prophe- 
cCies, the death of CHRIS T was to be at the end 


«of v0 annual weeks, or 490 years, after that time. 
99 bring added 20 456, makes 4746» 


| the above — teen riod, which we proye 
aſtronomically to have on Ac year ee 
Saviour's death; concerning wich, we have 
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